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(57) ABSTRACT 

A testing method for a silicon interposer employs a test probe 
and an electrically conductive glass handler. The silicon inter 
poser includes multiple interconnects that extend between the 
opposed major surfaces of the interposer, namely from a test 
side of the interposer to a conductive glass handler side of the 
interposer. On the glass handler side, the interposer includes 
a layer of patterned insulative resist With open regions at some 
interconnects on the glass handler side and remaining resist 
regions at other interconnects on the glass handler side. The 
interposer may include a conductive adhesive layer that 
couples together interconnects at the open regions on the 
glass handler side. In this manner, a probe may send a test 
signal from a ?rst interconnect at one location on the test side 
of the interposer, through the ?rst interconnect, through the 
conductive adhesive, through a second interconnect to 
another probe on the test side of the interposer. The method 
thus provides same-sided probe testing of the interposer. The 
method also provides for loading or poWer application to the 
conductive glass handler and testing of circuits and intercon 

(22) Filed: Dec. 24, 2008 nects on the test side of the silicon interposer. 
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SILICON INTERPOSER TESTING FOR 
THREE DIMENSIONAL CHIP STACK 

BACKGROUND 

[0001] The disclosures herein relate generally to silicon 
integrated circuit chips (IC)s, and more speci?cally, to multi 
layer and multi-chip IC manufacturing and test methodolo 
gies. 
[0002] Modern IC designs contain multiple layers of inte 
gration that include semiconductor active devices as Well as 
passive components. Distinct IC chips may stack or attach to 
each other in a vertical fashion to form a multi-chip stack. The 
chip stack is a 3 dimensional (3D) package that may require 
interconnecting through-via structures to pass signals and 
poWer through the chip stack. Silicon interposers include IC 
chips that contain through-via structures. 

BRIEF SUMMARY 

[0003] Accordingly, in one embodiment, a method of 
manufacturing a semiconductor interposer is disclosed. The 
method includes forming an interposer subassembly of semi 
conductor material including ?rst, second and third intercon 
nects extending from a ?rst surface of the interposer subas 
sembly to a second surface of the interposer subassembly, the 
?rst and second surfaces being opposed major surfaces. The 
method is applicable to an interposer Which may include 
active and passive elements to form electronic circuitry 
attached to some of the ?rst, second, and third interconnects. 
The method is also applicable to an interposer Which may 
contain interconnects from only one of the ?rst or second 
surfaces to the active and passive elements. The method also 
includes forming a non-conductive layer on the ?rst surface 
of the interposer subassembly. The method further includes 
selectively removing portions of the non-conductive layer at 
the ?rst and second interconnects to form open regions at the 
?rst and second interconnects, thus forming remaining non 
conductive layer portions other than at the ?rst and second 
interconnects. The method still further includes applying a 
conductive adhesive layer adjacent the ?rst surface of the 
interposer subassembly covering the open regions and 
remaining non-conductive layer portions. 
[0004] In another embodiment, a semiconductor interposer 
is disclosed that includes an interposer subassembly of semi 
conductor material including ?rst, second and third intercon 
nects extending from a ?rst surface of the interposer subas 
sembly to a second surface of the interposer subassembly, the 
?rst and second surfaces being opposed major surfaces. The 
interposer may include active and passive elements that form 
electronic circuitry attached to some of the ?rst, second, and 
third interconnects. In one embodiment, the interposer may 
include interconnects from only one of the ?rst or second 
surfaces to the active and passive elements. The semiconduc 
tor interposer also includes a non-conductive layer on the ?rst 
surface of the interposer, the non-conductive layer including 
open regions at the ?rst and second interconnects Where the 
non-conductive layer is removed, thus forming remaining 
non-conductive layer portions other than at the ?rst and sec 
ond interconnects. The semiconductor interposer further 
includes a conductive adhesive layer adjacent the ?rst surface 

Jun. 24, 2010 

of the interposer subassembly covering the open regions and 
remaining non-conductive layer portions. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0005] The appended draWings illustrate only exemplary 
embodiments of the invention and therefore do not limit its 
scope because the inventive concepts lend themselves to other 
equally effective embodiments. 
[0006] FIG. 1 is block diagram ofa silicon interposer test 
?xture that demonstrates the disclosed 3D chip stack inter 
poser testing methodology. 
[0007] FIGS. 2A-2F shoWs fabrication steps in the manu 
facture of the silicon interposer that employs the disclosed 
testing methodology. 
[0008] FIG. 3 is a block diagram of silicon interposer 
assembly process steps that the disclosed chip stack technol 
ogy testing methodology may employ. 
[0009] FIG. 4 depicts a ?owchart that shoWs process ?oW in 
the manufacturing of silicon interposers With deep trench 
(DT) capacitors. 
[0010] FIG. 5 is a ?owchart that shoWs process ?oW in the 
disclosed silicon interposer testing method. 

DETAILED DESCRIPTION 

[0011] Modern integrated circuit (IC) manufacturing pro 
cesses require a large number of process steps from start to 
?nish. Silicon interposers play a key role during the manu 
facturing process of a multi-chip or 3D chip stack. 3D chip 
stack technology provides a method to vertically stack one 
integrated circuit (IC) upon another. The IC chips that make 
up the 3D chip stack and utiliZe through silicon vias (TSVs) to 
interconnect multiple chips Within the 3D chip stack are 
referred to herein as silicon interposers. A 3D chip stack may 
provide a reduction in overall siZe and poWer consumption in 
comparison to some conventional single substrate IC package 
designs. Silicon interposer design and testing is an important 
aspect of the overall IC manufacturing process. 
[0012] FIG. 1 is a block diagram shoWing a silicon inter 
poser 125 test ?xture 100. Silicon interposer test ?xture 100 
includes a silicon interposer 125 under test. Silicon interposer 
125 couples to a cold plate or conductive glass handler 140. 
As used herein the term “conductive” means electrically con 
ductive. As used herein, the term “insulative” means electri 
cally insulative. Conductive glass handler 140 may provide 
thermal control and voltage bias potential for the silicon 
interposer 125 under test. In one example, conductive glass 
handler 140 may couple to poWer (V DD) to provide a voltage 
bias 145 thereto. In another example, conductive glass han 
dler 140 may connect to other voltages including ground 
(GND), ?oating (no connection), or other bias voltages dur 
ing test. A test probe assembly 150 couples to silicon inter 
poser 125 through electrically conductive probes, such as 
conductive probes 151, 152, 153, etc. Test probe assembly 
150 may apply or receive a test voltage or other signal at 
conductive probes 151, 152, 153, etc. 
[0013] Test probe assembly 150 may employ a large num 
ber of electrically conductive probes, such as conductive 
probes 151, 152, 153, etc. Conductive probes 151, 152, 153, 
etc. provide electrical connectivity to the circuitry of silicon 
interposer 125 and other test ?xture 100 hardWare. Conduc 
tive probe 151, for example, may provide electrical connec 
tivity betWeen test probe assembly 150 and a signal node of 
silicon interposer 125 by making electrical contact With con 
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trolled collapse chip connection (C4) bumps or bond pads 
(described in FIGS. 2A-2E below) on the top surface of 
silicon interposer 125. In one embodiment, conductive probe 
151, for example, may provide a test voltage to ?lled-through 
via (FTV) 210 on atest side 125A of silicon interposer 125, as 
seen in FIG. 2A. Filled-through vias (FTVs) may be referred 
to as through silicon via (TSV) structures. 

[0014] FIGS. 2A-2E shoW more detail of the silicon inter 
poser 125 assembly that further demonstrates the disclosed 
3D chip stack silicon interposer testing methodology. FIG. 
2A shoWs a portion of a cross-section of silicon interposer 
125 as a side vieW of interconnecting IC layers. Silicon inter 
poser 125 includes a ?lled-through via (FTV) 210, an FTV 
215, and an FTV 220. In one example, FTV 210 employs 
tungsten (W) ?ll to provide electrical conductivity. In actual 
practice, silicon interposer 125 may employ many more 
FTVs than FTV 210, FTV 215, FTV 220 to provide electrical 
connectivity betWeen internal structures Within silicon inter 
poser 125 and test side 125A of silicon interposer 125. 

[0015] A supply voltage (V DD) plane 230 and a ground 
(GND) plane 235 are internal metal layers that back-end-of 
line (BEOL) processes may form during silicon interposer 
125 fabrication. Conventional semiconductor processes may 
form active or passive devices Within silicon interposer 125. 
Passive devices of silicon interposer 125 may include deep 
trench (DT) capacitors, resistors, interconnects and otherpas 
sive devices. Active devices of silicon interposer 125 may 
include transistors, diodes, and other active devices. In one 
embodiment, DT capacitor 250 and other DT capacitors may 
provide poWer decoupling by using decoupling capacitance 
for devices that connect to silicon interposer 125. For 
example, in a 3D chip stack, DT capacitor 250 and other DT 
capacitors included in silicon interposer 125 may signi? 
cantly reduce the poWer noise due to chip level sWitching 
activities, such as those of signal node voltage changes. 
[0016] A VDD top surface bond pad 260 or C4 bump 
couples to VDD plane 230. A GND top surface bond pad 262 
couples to GND plane 235. A signal top surface bond pad 264 
couples to FTV 220. Silicon interposer 125 may include 
active and passive circuitry in a silicon interposer subassem 
bly 275. Silicon interposer subassembly 275 may contain 
multiple dielectric, polysilicon, and other layers that combine 
to form the substrate of silicon interposer 125. A resist layer 
265 of electrically insulative material or photoresist coats the 
top of silicon interposer subassembly 275 as shoWn. In this 
manner, resist layer 265 forms a top surface 125B of the 
silicon interposer. Subsequent processing may selectively 
remove portions of resist layer 265 to provide electrically 
insulative regions of remaining resist, such as those described 
beloW in FIG. 2B. 

[0017] FIG. 2B depicts the removal of selected portions of 
resist layer 265. Lithography and other processes may 
remove selected portions of resist layer 265 during silicon 
interposer 125 manufacturing to form a remaining resist 
region 280, and other remaining resist regions not shoWn. 
Remaining resist region 280 is a resist region of silicon inter 
poser 125 that exhibits electrically insulative properties. In 
one example, remaining resist region 280 provides electrical 
insulation of GND top surface bond pad 262 to top surface or 
conductive glass handler side 125B. In one embodiment, 
lithography and other processes provide selective removal of 
resist layer 265 above and around VDD top surface bond pad 
260, and signal top surface bond pad 264 as shoWn. 
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[0018] FIG. 2C shoWs the deposition of a conductive adhe 
sive layer 270 on the top surface of silicon interposer subas 
sembly 275 to form conductive glass handler side surface 
125B' in FIGS. 2C-2E. Conductive glass handler side surface 
125B' is the top surface of conductive adhesive layer 270 and 
the top surface of silicon interposer 125. FIG. 2C represents 
the completion of the assembly or manufacturing processes 
for silicon interposer 125. FIG. 2D shoWs the attachment of 
an electrically conductive glass handler 140 to the top surface 
125B' of silicon interposer 125. Conductive glass handler 140 
may provide a voltage bias 145, such as VDD or other voltage 
to conductive glass handler 140. In one embodiment of silicon 
interposer 125 under test, the voltage bias 145 is ?oating and 
provides no bias or voltage potential to conductive glass 
handler 140. Filled-through via (FTV) 210, VDD plane 230 
and VDD top surface bond pad 260 together form one inter 
connect that extends from the test side of interposer 125 to 
conductive adhesive layer 270. Filled-through via (FTV) 215, 
ground (GND) plane 235 and ground (GND) top surface bond 
pad 262 together form another interconnect that extends from 
the test side 125A of interposer 125 to internal silicon inter 
poser 125 circuit elements, such as DT capacitor 250. Elec 
trically non-conductive remaining resist region 280 ensures 
that there is no ground to VDD short through conductive 
adhesive layer 270. Filled-through via (FTV) 220 and signal 
top surface bond pad 264 together form another interconnect 
that extends from the test side 125A of interposer 125 to 
conductive adhesive layer 270. 

[0019] Silicon interposer 125 may provide decoupling 
capacitance, electrical connectivity and poWer regulation for 
attaching dies, such as a top IC die 380, described beloW With 
reference to FIG. 3. The structure of silicon interposer 125 
provides for testability through both of opposed sides 125A 
and 125B'. For example, test ?xture 100 of FIGS. 1 and 2 may 
employ conductive glass handler 140 to provide voltage bias 
145 to one side of silicon interposer 125. In one embodiment, 
test probe assembly 150 may measure conductivity using 
conductive probes 151 and 152 to detect a connection or bias 
voltage 145 from conductive glass handler 140. During test 
ing, the silicon interposer 125 should preferably be active or 
under voltage bias 145 loading from an external poWer 
source. That voltage bias 145 that applies to conductive glass 
handler 140 provides VDD or poWer supply load for testing to 
circuits Within silicon interposer 125, such as DT capacitor 
250, and other circuits or devices not shoWn. For example, a 
user may apply voltage VDD to conductive glass handler 140 
and ground to FTV 215 through conductive probe 152. In this 
scenario, the user may test circuits Within the interposer such 
as DT capacitor 250, for example, or other internal circuits 
not shoWn. In this particular test, the test path is betWeen 
conductive glass handler 140 and a probe such as 152. In other 
Words, this test is “through the interposer” from glass handler 
side surface 125B' through DT capacitor 250 to test side 
surface 125A, or vice versa depending on voltage polarity 
VDD therebetWeen. 

[0020] Referring to FIG. 2D, in another embodiment of the 
disclosed interposer and testing method, FTVs such as FTV 
210 and FTV 220 provide bottom surface to top surface and 
return connectivity testing ability. With the proper placement 
and orientation of electrically insulative photoresist regions, 
such as remaining resist region 280, and other resists (not 
shoWn), test probe assembly 150 may apply poWer, signal, or 
a particular test voltage to one side of silicon interposer 125, 
namely test side 125A. Test probe assembly 150 receives the 
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particular test voltage as it routes through the interposer struc 
ture, such as through FTV 220 and back through FTV 210. In 
this example, the electrically conductive path includes FTV 
220, signal top surface bond pad 264, conductive adhesive 
layer 270, VDD top surface bond pad 260, VDD plane 230, 
and FTV 210. During this testing, conductive glass handler 
140 voltage bias 145 is ?oating, or not providing a bias 
voltage. This approach provides one-sided-testing or same 
sided testing because the test signal or voltage ?oWs from one 
side of the interposer at conductive probe 153 through the 
interposer 125 and back to the same side of the interposer, 
namely to conductive probe 151. 
[0021] In one embodiment, this same-sided testing 
includes conductivity testing through silicon interposer 125 
circuit elements. More particularly, the test signal or voltage 
?oWs from conductive probe 153 through the interconnect 
that FTV 220, and signal top surface pad 264 forms, and then 
?oWs through conductive adhesive layer 270 and back to 
conductive probe 151 via the interconnect that VDD top sur 
face bond pad 260, VDD plane 230 and FTV 210 forms. The 
test signal or voltage thus returns to the same side of the 
interposer at Which the test signal or voltage originated, 
namely the test side of interposer 125 as seen in FIG. 2D. In 
the example of FIG. 2D, DT capacitor 250 couples betWeen 
VDD plane 230 of one interconnect to GND plane 235 of 
another interconnect. Same-side testing of capacitor 250 is 
achievable by supplying a test voltage betWeen FTV 210 and 
FTV 215 via conductive probes 151 and 152, respectively. 
[0022] In this same-sided testing approach, bond pads not 
involved in the test exhibit remaining resist regions above and 
surrounding such bond pads. For example, remaining resist 
region 280 is above and around GND top surface bond pad 
262. This effectively isolates the interconnect formed by bond 
pad 262, GND plane 235 and FTV 215 from the test. In 
contrast, those bond pads involved in the same-sided test, 
have the resist above and around such bond pads removed, as 
shoWn in FIG. 2D. This exposes both bond pads 260 and 264 
to conductive adhesive layer 270, thus alloWing current ?oW 
therebetWeen during the same-sided test. During this type of 
same-sided testing, the conductive glass handler 140 is ?oat 
ing or, in other Words, voltage bias 145 does not connect to 
any particular voltage potential. Interaction of other nodes, 
such as FTVs of silicon interposer 125 not shoWn may impact 
the results of any same-sided testing results. 
[0023] In another embodiment this same-sided testing 
method, voltage bias 145 provides conductive glass handler 
140 VDD or a poWer supply load for testing to circuits Within 
silicon interposer 125. Such circuits include DT capacitor 
250, or other integrated circuits and devices not shoWn, for 
example, a loW drop out linear voltage regulator of silicon 
interposer 125. Those circuits may not have a VDD intercon 
nect on the test side 125A of silicon interposer 125. Resists 
regions, such as remaining resist region 280 adjacent the 
conductive glass handler side 125B of silicon interposer 125 
provide electrical isolation of speci?c regions of silicon inter 
poser 125, such as GND top surface bond pad 262 during 
testing. 
[0024] FIG. 2E shoWs silicon interposer 125 that includes 
an electronic circuit 251 that may include active or passive 
electronic circuit elements. Circuits or devices of silicon 
interposer 125, such as electronic circuit 251, and other inte 
grated circuits, not shoWn, may not have an interconnect on 
the test side 125A of silicon interposer 125. As shoWn in FIG. 
2E, silicon interposer 125 employs resists regions, such as 
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remaining resist region 280 to the conductive glass handler 
side 125B of silicon interposer 125. Remaining resist regions 
provide electrical isolation during testing of circuits, such as 
electronic circuit 251 Within silicon interposer 125 that may 
not have an independent ground or poWer source available on 
test side 125A. For example, the conductive glass handler 140 
may provide voltage bias 145 load to VDD and signal bond 
pads such as VDD top surface bond pad 260, and signal top 
surface bond pad 264 as Well as other bond pads not shoWn in 
FIG. 2E. During application of voltage bias 145, test probes 
such as conductive probe 152 may bias GND to energiZe 
electronic circuit 251. Other interconnects, such as FTV 210 
on the test side 125A of silicon interposer 125 may provide 
signal access to or from electronic circuit 251. This approach 
provides through-the-interposer or tWo-sided testing by poW 
ering electronic circuit 251 by voltage sources from one side 
of silicon interposer 125. The tWo-sided testing approach also 
provides ground and test signals from the opposite side of 
silicon interposer 125. 
[0025] FIG. 2F shoWs the silicon interposer after the 
removal of conductive glass handler 140 and other structures 
to form a silicon interposer assembly ready for attachment to 
an adjacent die. More particularly, FIG. 2F depicts the 
removal of conductive glass handler 140, conductive adhe 
sive layer 270, and remaining resist region 280 to form the 
silicon interposer assembly ready structure of silicon inter 
poser 125. In another embodiment, silicon interposer 125 as 
shoWn in FIG. 2F may undergo the formation of additional 
structures. For example, silicon interposer 125 may undergo 
formation of resist regions, such as remaining resist region 
280 or other regions such as conductive adhesive layer 270 
and conductive glass handler 140 for more testing as shoWn in 
FIG. 2D or FIG. 2E. After that testing the remaining resist 
region 280, conductive adhesive layer 270, and conductive 
glass handler 140 undergo a removal process as demonstrated 
above in FIG. 2F to form the silicon interposer assembly 
therein depicted. 
[0026] FIG. 3 depicts silicon interposer 125 assembly pro 
cess STEPS 1-4 at a high level. It is desirable to test silicon 
interposer 125 prior to chip stack assembly using silicon 
interposer 125. Early silicon interposer testing may provide 
better detection of problems prior to ?nal IC production, such 
as chip stack completion. Early testing of silicon interposer 
125 in the IC manufacturing process may improve IC yields, 
production costs, and other variables. The silicon interposer 
125 assembly process includes a STEP 1 that includes the 
attachment of silicon interposer 125 to electrically conductive 
glass handler 140 to form assembly 310 shoWn in dashed line. 
Conductive glass handler 140 provides a structural platform 
to protect the silicon interposer 125 during movement or other 
manufacturing processes. For example, conductive glass han 
dler 140 provides a support or carrier for the silicon interposer 
125 under test. The silicon interposer 125 may include 
remaining electrically non-conductive or insulative resist 
regions, such as remaining resist region 280. Remaining resist 
region 280 insulates a portion of the silicon interposer 125 
structure, such as GND top surface bond pad 262. 

[0027] STEP 1 provides a silicon interposer assembly 310 
that a manufacturing process may employ during test prior to 
attachment of the interposer to another IC die structure. STEP 
2 shoWs the attachment of a ceramic carrier 340 to the silicon 
interposer assembly of STEP 1 to form an assembly 330. This 
may include solder interconnections of FTVs to conductive 
circuit pads, such as top surface bond pad 262 on the carrier. 
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As a part of this process, an addition of electrically insulative 
under?ll may provide mechanical integrity or interconnect 
protection betWeen silicon interposer 125 and ceramic carrier 
340. In one embodiment, an organic based carrier may be 
used in place of ceramic carrier 340. Ceramic carrier 340, 
organic based carriers, and other carriers are examples of 
?ip-chips, With the structural support of ceramic carrier 340, 
conductive glass handler 140 is no longer a structural require 
ment. STEP 3 shoWs the removal of conductive glass handler 
140, conductive adhesive layer 270 and any remaining resist 
regions such as remaining resist region 280 from assembly 
330 of STEP 2 to form assembly 350. The silicon interposer 
125 attachment method may employ a laser ablation or other 
technique to remove conductive glass handler 140, conduc 
tive adhesive layer 270, and remaining resist region 280 as 
shoWn in FIG. 2E. 

[0028] After cleaning the exposed surface of silicon inter 
poser 125 of assembly 350, a top die 380, namely an IC, 
attaches to silicon interposer 125 by use of a loW melt alloy or 
other connecting process in STEP 4 to form assembly 370. 
The silicon interposer assembly process may include an 
under?ll step to complete the silicon interposer 125 assembly. 
Under?lling forms an electrically insulative structural mate 
rial surrounding the electrical interconnects that connect the 
3D chip stack together betWeen top die 380 and 125B of the 
silicon interposer 125 assembly and also betWeen 125A of the 
silicon interposer 125 and ceramic carrier 340. 
[0029] FIG. 4 shoWs a ?owchart that describes one embodi 
ment of the disclosed silicon interposer 125 manufacturing 
method. In one embodiment, the silicon interposer 125 manu 
facturing or fabrication method involves semiconductor pro 
duction steps that include formation of thin ?lm devices, such 
as deep trench (DT) capacitor 250, Within the interposer. The 
silicon interposer 125 manufacturing method may include 
multiple manufacturing processes such as lithography, depo 
sition, etching and other processes. Each silicon interposer 
125 manufacturing process may employ fabrication equip 
ment such as lithographers, etchers, deposition equipment, 
and other thin ?lm semiconductor fabrication equipment. The 
silicon interposer 125 manufacturing method starts, as per 
block 405. 

[0030] In one embodiment, the silicon interposer 125 
manufacturing process includes a pad ?lm deposition step, as 
per block 410. The pad ?lm deposition deposits polysilicon 
on a P-substrate or other substrate to form a base layer, such 
as silicon interposer subassembly 275 as shoWn in FIG. 2A. 
The manufacturing process performs lithography and etch 
operations on silicon interposer subassembly 275, as per 
block 415. For example, the silicon interposer 125 manufac 
turing process may apply a 2.3 micron ultraviolet (UV) resist 
layer to the top surface of silicon interposer subassembly 275 
using lithography and etching techniques. The UV resist and 
etch operations may form open regions on the top surface of 
silicon interposer subassembly 275 to assist in the formation 
ofvias, such as FTV 210, FTV 215, FTV 220, or other vias in 
silicon interposer subassembly 275. 
[0031] The manufacturing process includes a deep reactive 
ion etching (DRIE) step, as per block 420. The DRIE step 
may include plasma resist strip and Wet clean operations to 
open regions of silicon interposer subassembly 275 for the 
formation of ?lled-through vias (FTVs) or through silicon 
vias (TSVs). The manufacturing process forms FTVs, as per 
block 425. In one example, the manufacturing process 
includes deposition of electrically conductive material such 
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as tungsten (W) to form FTVs, such as FTV 210, FTV 215, 
FTV 220, or other vias in silicon interposer subassembly 275. 
The manufacturing process forms thin ?lm devices, as per 
block 430. In one example, thin ?lm processing forms thin 
?lm devices, such as deep trench (DT) capacitors. One 
example of such a deep trench DT capacitor is DT capacitor 
250. 

[0032] Etch, lithography, deposition and other processes 
form VDD, GND, and signal planes, as per block 435. The 
manufacturing process forms VDD, GND, and signal planes 
such as VDD plane 230, GND plane 235, and other planes of 
silicon interposer subassembly 275. Etch, lithography, depo 
sition and other processes form VDD, GND, and signal top 
surface bond pads, as per block 440. The manufacturing pro 
cess forms VDD, GND, and signal top surface bond pads such 
as VDD top surface bond pad 260, GND top surface bond pad 
262, signal top surface bond pad 264 on the top surface of 
silicon interposer subassembly 275. Silicon interposer sub 
assembly 275 includes adjacent structures of FTV 210, VDD 
plane 230, and VDD top surface bond pad 260. These adja 
cent structures together form an interconnect that provides an 
electrical connection or electrical path through silicon inter 
poser subassembly 275 from test side 125A to the top surface 
of silicon interposer subassembly 275. The adjacent struc 
tures of FTV 215, GND plane 235, and GND top surface bond 
pad 262 together form another interconnect that provides an 
electrically conductive path through silicon interposer subas 
sembly 275. The adjacent structures of FTV 220, namely 
signal top surface bond pad 264 together form yet another 
interconnect that provides another electrically conductive 
path through silicon interposer subassembly 275. 
[0033] The manufacturing process forms resist layer 265, 
as per block 445. For example, a strip resist and Wet etch seed 
Ti/Cu/Ti process may form resist layer 265 on the top surface 
or conductive glass handler side 125B of silicon interposer 
subassembly 275. Resist layer 265 forms an electrically insu 
lative dielectric layer, such as 2, 5 or other micron negative 
photoresist on the top surface of silicon interposer subassem 
bly 275. In one example, the form resist layer step 445 forms 
resist layer 265 on the conductive glass handler side 125B of 
silicon interposer subassembly 275, as shoWn in FIG. 2A. The 
manufacturing process removes selected areas of resist layer, 
as per block 450. In one example, lithography, etch, and other 
processes remove portions of resist layer 265 to form electri 
cally insulative resist regions, such as remaining resist region 
280 as shoWn in FIG. 2B. In one embodiment, remaining 
resist region 280 electrically isolates GND top surface bond 
pad 262 from contact on the top surface or conductive glass 
handler side 125B as shoWn in FIG. 2B. 

[0034] The manufacturing process forms an electrically 
conductive adhesive layer, as per block 455. In one example, 
electrically conductive adhesive layer 270 forms 5 microns in 
thickness on conductive glass hander side 125B‘ of silicon 
interposer subassembly 275, as shoWn in FIG. 2C. Conduc 
tive adhesive layer 270 provides an electrically conductive 
interface betWeen silicon interposer subassembly 275 and 
conductive glass handler 140. Silicon interposer subassembly 
275 and conductive adhesive layer 270 combine to form 
silicon interposer 125 as shoWn in FIGS. 2C-2E. The electri 
cally conductive glass handler 140 attaches to conductive 
adhesive layer 270, as per block 460. The manufacturing 
process per block 460 is consistent With the silicon interposer 
125 assembly process step 1 that forms assembly 310 ofFIG. 
3. In one example, conductive glass handler 140 is a Wafer 
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lamination 700 microns in thickness providing substantial 
structural support to the silicon interposer 125 die, as shoWn 
in FIG. 2D. 

[0035] In one embodiment of the disclosed method, con 
ductive adhesive layer 270 and conductive glass handler 140 
provide silicon interposer 125 With greater Wafer handling 
and test properties than possible Without such structures. The 
silicon interposer 125 manufacturing process continues With 
a Wafer thinning, coarse, then ?ne grain and polish step, as per 
block 465. The Wafer thinning processes remove material 
from the test side 125A of silicon interposer 125. Upon 
completion of the manufacturing steps of FIG. 4, silicon 
interposer 125 is ready for test, such as Wafer probe testing or 
other tests. The silicon interposer 125 manufacturing process 
ends, as per block 480. 

[0036] FIG. 5 is a ?owchart that depicts the steps of a 
silicon interposer 125 testing method. HoWever the silicon 
interposer 125 testing includes use of conductive glass han 
dler 140. Conductive glass handler 140 employs a voltage 
bias 145 connection to a voltage VDD or other voltage that 
effectively ?oats or exhibits no voltage bias. The test probe 
assembly 150 provides connectivity of silicon interposer 
FTVs, such as FTV 210, 215, 220, etc. The silicon interposer 
125 testing method starts, as per block 505. The silicon inter 
poser 125 may attach to conductive glass handler 140 for 
thermal and voltage bias control using voltage bias 145 of 
FIG. 1 and FIGS. 2C-2E above. Testers, such as test ?xture 
100 may bias conductive glass handler 140 With the appro 
priate voltage for test. Wafer test probe assembly 150 may test 
silicon interposer 125 circuits, such as DT capacitor 250, and 
other circuits. 

[0037] To perform tWo-sided testing as discussed above, 
test ?xture 100 applies voltage bias 145 to one side of silicon 
interposer 125 through conductive glass handler 140. Test 
?xture 100 employs test probe assembly 150 to probe With 
conductive probes 151,152,153, etc. to FTV 210, FTV 215 
and other FTVs of silicon interposer 125. In this manner, test 
?xture 100 may test active circuitry Within the interposer 
through both sides of the interposer, namely betWeen bottom 
surface test side 125A and conductive glass handler side 
125B, of the silicon interposer 125. Test probe assembly 150 
may test the electrical conductivity of the FTVs, as per block 
510. In one example, test ?xture 100 determines the series 
resistance for FTV 210 by applying a VDD potential to con 
ductive glass handler 140. Test probe assembly 150 measures 
the voltage drop from VDD top surface bond pad 260 through 
to FTV 210 on test side 125A of silicon interposer 125. In 
another embodiment of the disclosed testing method, test 
?xture 100 may employ a current source measurement to 
perform the same FTV 210 or other FTV resistance test. That 
resistance, or conversely that electrical conductivity, test Will 
verify the electrical conductivity from conductive glass han 
dler side 125B to test side 125A. The electrical conductivity 
test measures conductivity from top surface bond pads, such 
as VDD top surface bond pad 260, to FTV 210 or through the 
entire silicon interposer 125 structure. This approach thus 
provides tWo-sided test of the interposer. 
[0038] In another embodiment, to perform single-sided or 
same-sided testing of the interposer, silicon interposer 125 
test ?xture 100 may perform voltage or bias stress testing of 
silicon interposer structures, as per block 515. Stress testing 
may provide useful performance data by over-stressing the 
voltage or current capabilities of silicon interposer 125 struc 
tures, such as VDD plane 230 or other structures. Test probe 
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assembly 150 measures voltage and current levels to deter 
mine stress performance of silicon interposer 125 internal 
structures, such as VDD plane 230 or others. 
[0039] Test ?xture 100 tests for electrical opens and shorts 
from one interconnect to another Within the silicon interposer 
125 die by performing opens and shorts testing, as per block 
520. For example, a short may exist betWeen FTV 210 and 
FTV 215 Within silicon interposer subassembly 275. During 
the opens and shorts test, conductive glass handler 140 may 
be ?oating and providing no voltage bias. That test per block 
520 Will include a count of DT capacitors, such as DT capaci 
tor 250 that are non-functional. The opens shorts test may 
determine the leakage resistance due to bad DT capacitors in 
silicon interposer 125. Test ?xture 100 isolates shorts identi 
?ed above in opens shorts test, as per block 525. In other 
Words, test ?xture 100 analyZes the type of short such as 
signal to GND, signal to VDD, GND to VDD or other shorts. 
In one example, a VDD to GND short may exist betWeen FTV 
210 and FTV 215. In that example, test probe assembly 150 
injects a test signal or current at conductive probe 151. That 
test signal or current ?oWs from conductive probe 151 
through FTV 210 and through the VDD to GND short into 
FTV 215. Test probe assembly 150 detects the test current at 
conductive probe 152 indicating a short from FTV 210 to 
FTV 215 or adjacent conductive structures, such as a short 
through DT capacitor 250. The silicon interposer 125 testing 
method ends, as per block 540. 
[0040] The foregoing discloses methodologies Wherein a 
test system may employ a silicon interposer die structure to 
assist in the production of 3D chip stack technology. The 
disclosed testing methodology and apparatus may isolate 
poor or failed components on a silicon interposer and avoid 
using that interposer in subsequent IC production processing 
steps. 
[0041] Modi?cations and alternative embodiments of this 
invention Will be apparent to those skilled in the art in vieW of 
this description of the invention. Accordingly, this description 
teaches those skilled in the art the manner of carrying out the 
invention and is intended to be construed as illustrative only. 
The forms of the invention shoWn and described constitute the 
present embodiments. Persons skilled in the art may make 
various changes in the shape, siZe and arrangement of parts. 
For example, persons skilled in the art may substitute equiva 
lent elements for the elements illustrated and described here. 
Moreover, persons skilled in the art after having the bene?t of 
this description of the invention may use certain features of 
the invention independently of the use of other features, With 
out departing from the scope of the invention. 

What is claimed is: 
1. A method of manufacturing a semiconductor interposer, 

comprising: 
forming an interposer subassembly of semiconductor 

material including ?rst, second and third interconnects 
extending from a ?rst surface of the interposer subas 
sembly to a second surface of the interposer subassem 
bly, the ?rst and second surfaces being opposed major 
surfaces; 

forming a non-conductive layer on the ?rst surface of the 
interposer subassembly; 

selectively removing portions of the non-conductive layer 
at the ?rst and second interconnects to form open regions 
at the ?rst and second interconnects, thus forming 
remaining non-conductive layer portions other than at 
the ?rst and second interconnects; and 
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applying a conductive adhesive layer adjacent the ?rst 
surface of the interposer subassembly covering the open 
regions and remaining non-conductive layer portions. 

2. The method of claim 1, further comprising positioning a 
conductive glass handler on the conductive adhesive layer 
adjacent the ?rst surface of the interposer subassembly, thus 
forming the semiconductor interposer. 

3. The method of claim 1, further comprising positioning a 
?rst test probe on the ?rst interconnect at the second surface 
of the interposer subassembly and positioning a second test 
probe on the second interconnect at the second surface of the 
interposer subassembly. 

4. The method of claim 3, further comprising supplying a 
test voltage across the ?rst and second probes at the second 
surface of the semiconductor interposer such that current 
?oWs from the ?rst probe, through the ?rst interconnect, 
through the adhesive layer, through the second interconnect 
to the second probe, the second surface of the semiconductor 
interposer thus forming a test side that provides same-sided 
testing of the semiconductor interposer via the ?rst and sec 
ond probes. 

5. The method of claim 1, further comprising: 
positioning a ?rst test probe on the ?rst interconnect at the 

second surface of the interposer subassembly; and 
supplying a test voltage on the conductive glass handler of 

the semiconductor interposer. 
6. The method of claim 1, further comprising: 
positioning a ?rst test probe on the ?rst interconnect at the 

second surface of the interposer subassembly; and 
supplying a test voltage betWeen the conductive glass han 

dler and the ?rst test probe test interconnects in the 
semiconductor interposer. 

7. The method of claim 1, further comprising forming an 
electronic circuit betWeen the ?rst and second interconnects 
Within the semiconductor interposer subassembly. 

8. The method of claim 7, Wherein the electronic circuit is 
a deep trench capacitor. 

9. The method of claim 1, further comprising forming 
respective ?lled-through vias at the ?rst, second and third 
interconnects adjacent the second surface of the interposer 
subassembly. 

10. The method of claim 1, further comprising forming 
respective bonding pads at the ?rst, second and third inter 
connects adjacent the ?rst surface of the interposer subassem 
bly. 

11. The method of claim 4, further comprising attaching a 
?ip chip carrier at the second surface of the interposer subas 
sembly. 

12. The method of claim 11, further comprising removing 
the conductive glass handler from the interposer subassem 
bly. 
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13. The method of claim 12, further comprising attaching 
an integrated circuit die to the silicon interposer. 

14. A semiconductor interposer, comprising: 
an interposer subassembly of semiconductor material 

including ?rst, second and third interconnects extending 
from a ?rst surface of the interposer subassembly to a 
second surface of the interposer subassembly, the ?rst 
and second surfaces being opposed major surfaces; 

a non-conductive layer on the ?rst surface of the interposer, 
the non-conductive layer including open regions at the 
?rst and second interconnects Where the non-conductive 
layer is removed, thus forming remaining non-conduc 
tive layer portions other than at the ?rst and second 
interconnects; and 

a conductive adhesive layer adjacent the ?rst surface of the 
interposer subassembly covering the open regions and 
remaining non-conductive layer portions. 

15. The semiconductor interposer of claim 14, further com 
prising a conductive glass handler situated on the conductive 
adhesive layer adjacent the ?rst surface of the interposer 
subassembly. 

16. The semiconductor interposer of claim 14, Wherein the 
?rst interconnect is adapted to be coupled to a ?rst test probe 
at the second surface of the interposer assembly and the 
second interconnect is adapted to be coupled to a second test 
probe at the second surface of the interposer subassembly. 

17. The semiconductor interposer of claim 14, further com 
prising an electronic circuit coupled betWeen the ?rst and 
second interconnects Within the semiconductor interposer 
subassembly. 

18. The semiconductor interposer of claim 17, Wherein the 
electronic circuit is a deep trench capacitor. 

19. The semiconductor interposer of claim 14, Wherein the 
?rst, second and third interconnects include respective ?lled 
through vias adjacent the second surface of the interposer 
subassembly. 

20. The semiconductor interposer of claim 14, Wherein the 
?rst, second and third interconnects include respective bond 
ing pads adjacent the ?rst surface of the interposer subassem 
bly. 

21. The semiconductor interposer of claim 15, Wherein a 
?ip chip carrier is attached to the second surface of the inter 
poser subassembly. 

22. The semiconductor interposer of claim 21, Wherein an 
integrated circuit die is attached adjacent the ?rst surface of 
the interposer subassembly after removal of the glass handler 
from the interposer subassembly. 

* * * * * 


